In 1967, invasive clinical cardiac electrophysiology (EP) began.
| INTRODUC TI ON
In 1967, invasive clinical cardiac electrophysiology (EP) began. 1, 2 The seminal event was the demonstration that arrhythmias could be initiated and terminated with programmed electrical stimulation. This led to refinement of theories regarding arrhythmia mechanisms, insight into the effects of the autonomic nervous system and medications on the electrical conduction system, and elucidation of the electrical substrate using catheter mapping. 3, 4 Invasive studies advanced what was to that time a primarily noninvasive field.
In 2017, the specialty reached its 50th anniversary. The modern era is characterized by an emphasis on procedures. In fact, in 2015, the recommended training period increased from 1 to 2 years due to the increasing breadth and complexity of procedures. 5 With this evolution, the late Dr. Mark E. Josephson believed the field had lost focus on critical thinking regarding pathophysiology, lacked appreciation for the limitations of technology, and struggled to correctly interpret research. 6, 7 He urged the field to recapture the spirit of the early invasive clinical cardiac EP era.
Our purpose was to provide a resource to reflect on a transitional period where invasive studies clarified theories previously derived pathophysiologic basis of arrhythmias would transform the field into an interventional specialty with a tremendous armamentarium of procedures. In 2015, the variety and complexity of these procedures were major reasons that led to the recommendation for an increase in the training period from one year to two years.
The purpose of this manuscript is to present fifty manuscripts from the early invasive clinical cardiac electrophysiology era, between 1967 and 1992, to serve as an educational resource for current and future electrophysiologists. It is our hope that reflection on the transition from a predominantly noninvasive discipline to one where procedures are commonly utilized will lead to more thoughtful patient care today and to inspiration for innovation tomorrow. In the words of the late Dr. Mark E. Josephson, "It is only by getting back to the basics that the field of electrophysiology will continue to grow instead of stagnate."
K E Y W O R D S
clinical cardiac electrophysiology, education, fellowship, history, training by mostly noninvasive methods. We present fifty manuscripts from the early invasive clinical cardiac EP era that laid the foundation for the modern interventional era. While there is no accepted time for the end of the "early" invasive clinical cardiac EP era, we chose 1992
as it was both the midpoint of the first fifty years and also the year the American Board of Internal Medicine introduced the first certification examination. 8 We focused on human clinical studies. Our sampling is subjective and cannot encompass all important manuscripts, but it includes many classic studies that are relevant today. It demonstrated that a critically timed PVC can "peel back" the refractoriness of the left bundle with subsequent transformation to a narrow QRS complex tachycardia at the same rate. This manuscript supported findings in dog experiments described in 1965 by Moe et al 16 The observations improved the understanding of the true nature of bundle branch "block."
| FIF T Y MAN USCRIP TS
1
"Catheter technique for recording His bundle activity in man"
(Scherlag et al, 17 1969) . As an extension of their work in a canine model, investigators described a simple and safe method to record activity from the His bundle. This allowed further key investigations into the diagnosis of arrhythmia mechanisms. Measurement of the His bundle electrogram allowed determination of the level of heart block. 18 It also became instrumental in our ability to discriminate arrhythmia mechanism in the modern EP study. 26 While the pathophysiology was only later identified to involve a potassium channel mutation, they successfully treated the patient with propranolol and diphenylhydantoin. The former remains a cornerstone in the treatment of congenital long QT syndromes to this day. 26 10. "The electrophysiologic demonstration of atrial ectopic tachycardia in man" (Goldreyer et al, 27 1973) . Observations that would become the foundation for diagnosing atrial tachycardia were described. These included a lack of dependence on the AV node; identical morphologies between the initiating p-wave and other p-waves of the SVT; "warm up" phenomenon; resetting of the atrial cycle length with timed PACs; failure of introduced PACs to initiate or terminate the SVT; and failure of atrial overdrive pacing to interrupt the SVT. In 2007, sensitivity to adenosine was demonstrated to be associated with automaticity and triggered activity, whereas lack of sensitivity suggested reentry. 28 11. "Demonstration of dual A-V nodal pathways in patients with paroxysmal supraventricular tachycardia" (Denes et al, 29 1973 ).
This report was the first to suggest reentry using dual AV nodal success rate and low risk for heart block. Elucidation of the mechanism of this phenomenon eventually led to cure of this arrhythmia via ablation of the right bundle. They also correlated intracardiac findings with the 12-lead surface ECG and suggested a stimulation protocol for analyzing patients with SVT. In subsequent years, additional diagnostic observations and the advent of catheter ablation were added to the foundation provided by this study to increase the ability to establish definitive diagnoses in SVTs. 39 16. "Bidirectional tachycardia in a child: A study using His bundle electrography" (Reid et al, 40 1975 ). The mechanism of bidirectional tachycardia was controversial at the time. In a 6-year-old girl with a structurally normal heart and absence of other potential precipitating factors, EP study diagnosed VT based on the absence of His bundle potentials preceding ventricular depolarizations. Importantly, VT was induced with both rapid atrial pacing and isoprenaline. This was the first accepted case of catecholaminergic polymorphic VT. A large series would not be published until two decades later. of pacing at these rates, the tachycardia resumed. When the pacing rate was increased to a critical value, the flutter wave morphology changed and the arrhythmia terminated. Concepts introduced here extended to other reentrant arrhythmias. 43 Defining arrhythmic mechanisms had further therapeutic implications in the ablation era. For example, achieving "bidirectional block" was first noted during ablation across the cavotricuspid isthmus for typical atrial flutter. 44 18. "Longitudinal dissociation in the His bundle: Bundle branch block due to asynchronous conduction within the His bundle in man" (Narula, 45 1977 ). This report complemented a prior histology study James and Sherf. 46 
68,69
These studies defined the anatomical regions for catheter ablation. and not VF, has predictive value in sudden cardiac death risk stratification remains an important tenet to modern assessment for ICDs. In addition, the presence of late potentials on signalaveraged electrocardiography was associated with inducible VT and adverse outcomes. These observations led to the concept of targeting local late potentials during substrate-based VT ablation. 54 39. "Endocardial catheter mapping in patients in sinus rhythm:
Relationship to underlying heart disease and ventricular arrhythmias" (Cassidy et al, 91 1986 ). Differences in endocardial mapping during sinus rhythm in those with ischemic vs nonischemic heart disease were detailed in this study. As those with nonischemic etiology were more likely to have normal endocardial electrograms, the VT substrate was surmised to be epicardial. In 1996, percutaneous epicardial catheter mapping were included after organic heart disease had been ruled out. All five patients had inducible VF with single or double extrastimulus testing that was suppressed with disopyramide or quinidine.
All remained free of recurrent VF over follow-up periods of 12 to 93 months. Since this publication, idiopathic VF has been refined as more specific entities, such as Brugada syndrome and catecholaminergic polymorphic VT, have been identified. Thus, many such syndromes are no longer "idiopathic". The observation that introduced PVCs initiated VF also provided the basis for the hypothesis that catheter ablation of spontaneous triggering PVCs could decrease recurrent episodes. 96 42. "Resetting of ventricular tachycardia: Implications for localizing the area of slow conduction" (Stevenson et al, 97 1988 ). This study built upon their first report of entrainment with concealed fusion in VT. 98 Endocardial mapping was used in seven patients with VT to identify sites of slow conduction that participated in tachycardia. By delivering ablative shocks at or near these sites, rates of arrhythmia recurrence and death. 105 Second, sotalol was observed to be the most effective of the seven studies drugs and, with amiodarone, continues to be a major adjunctive treatment for ventricular arrhythmias. the interaction between AF and heart failure was clarified.
Although AF was largely considered benign, epidemiologic evidence eventually refuted this belief. 115 More recently, aggressive measures to maintain sinus rhythm with pulmonary vein isolation, compared to continued medical management, demonstrated both improvement in left ventricular ejection fraction and reduction in mortality. 116 Earlier intervention may result in lower downstream arrhythmia burden. 117 However, the optimal treatment pathways for these patients still require much investigation. V1-V3, and sudden cardiac death due to sustained polymorphic VT were described. Also suggested were a genetic link, predisposition to VT during fever, and treatment with ICDs. In 1998, SCN5A mutations were reported in three families with autosomal dominant transmission, thereby establishing a genetic basis for this condition. 120 Brugada syndrome and early repolarization syndrome are now considered related entities known as J-Wave syndromes. 
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